Background. Angiogenesis and hemostatic activation are important factors in tumor progression and metastasis. Because surgical intervention induces tissue hypoxia and hemostatic activation, we analyzed the effect of gastric surgery on the plasma concentrations of vascular endothelial growth factor (VEGF), soluble P-selectin (sP-selectin), and von Willebrand factor (vWf). Methods. Plasma VEGF, sP-selectin, and vWf concentrations were measured in 14 patients with gastric cancer before operation and on postoperative day 1 (POD 1). Correlations between disease stage and the effect of surgical intervention were analyzed. Results. The plasma concentrations of these three factors did not correlate with the disease stage. Plasma levels of sPselectin did not change after operation (before surgery, 87.6 ؎ 34.1 ng /ml; on POD 1, 101.1 ؎ 48.1 ng/ml; P ‫؍‬ 0.123). Plasma VEGF and vWf concentrations were significantly elevated on POD 1 (VEGF, 33.3 ؎ 20.5 pg /ml before surgery and 61.9 ؎ 35.6 pg /ml on POD 1; P ‫؍‬ 0.0013; vWf, 164 ؎ 31.1% before surgery and 211.1 ؎ 66.1% on POD 1; P ‫؍‬ 0.027). Conclusion. Because VEGF and vWf are involved in angiogenesis, tumor-platelet adhesion, and tumor-endothelial cell adhesion, surgical intervention could influence tumor growth and metastasis.
Introduction
Surgical intervention is a typical type of tissue injury. Wound healing requires angiogenesis, which is a key component of the repair mechanisms triggered by tissue injury. Vascular endothelial growth factor (VEGF) is an important mediator of angiogenesis, as it acts directly and specifically on endothelial cells [1] . VEGF, on the other hand, is also a potent tumor growth factor, and elevated levels of circulating VEGF are associated with poor prognosis in many types of malignancies, including gastrointestinal cancers [2] [3] [4] [5] . Increased levels of soluble P-selectin (sP-selectin), an adhesion molecule and a component of the membrane of the platelet alpha granule, have been detected in hematological and breast cancers [6] , and have been shown to correlate with clinical stage in melanoma [7] . von Willebrand factor (vWf), an adhesive ligand with platelets, has also been shown to be elevated in advanced and disseminated malignancies, such as prostate cancer [8] , cervical and ovarian cancer [9] , and larynx cancer [10] , and it is involved in the metastatic process through the activation of thrombin [11, 12] .
Because surgical injury induces activation of the coagulation pathway, resulting in the activation of thrombin, platelets, and angiogenesis, we hypothesized that surgery by itself may contribute to promote tumor growth and metastasis via the activation of angiogenic and hemostatic factors such as VEGF, sP-selectin, and vWf. To determine whether circulating VEGF, sPselectin, and vWf were increased after surgical intervention, we measured the concentrations of VEGF, sP-selectin, and vWf in patients who had undergone gastric surgery.
Subjects and methods
Plasma-VEGF, sP-selectin, and vWf concentrations were measured in 14 patients (11 men, 3 women) who had undergone surgery at the Sakai Municipal Hospital. All of the patients had gastric cancer. The median age was 61 years (range, 42-74 years). Informed consent was obtained from all the patients, and the study proto- col was approved by the institutional review board. The surgical procedure types are listed in Table 1 .
Peripheral venous blood was drawn from all the patients and collected into a plastic syringe containing argatroban, a specific thrombin inhibitor, at a final concentration of 20 mM. Platelet-poor plasma (PPP) was obtained by centrifugation at 3000 g for 15 min and stored at Ϫ80°C for the determination of plasma concentrations of VEGF, sP-selectin, and vWf. Because platelets contain a significant amount of VEGF and sP-selectin, we measured the plasma concentrations of VEGF and sP-selectin [2, 13, 14] . Platelet-rich plasma (PRP) was first obtained from blood drawn with citrate or argatroban, and platelet aggregation was induced by thrombin or shear stress before obtaining PPP to determine the platelet activation status. Platelets were quiescent in PRP obtained either with citrate or with argatroban, and platelet aggregability was identical with both agents. In all the patients, a blood sample was obtained before surgery and on postoperative day (POD) 1. The plasma concentrations of vWf were measured by enzyme immunoassay, as previously described [15] . The normal range of vWf was 50%-155%. The VEGF levels were measured by a quantitative sandwich enzyme immunoassay technique, using Sf-21-expressed recombinant human VEGF165 (R&D Systems, Oxford, United Kingdom). This assay detects both VEGF165 and VEGF121. The minimum detectable level of VEGF was 9 pg/ml and the normal range was less than 38.3 pg/ ml. sP-selectin levels were also detected with a sandwich enzyme immunoassay technique, using monoclonal antibody against P-selectin [16] . The minimum detectable level of sP-selectin was 10 ng/ml and the normal range was 75.9-344 ng/ml. Premedication and anesthetic techniques were similar in all patients. General anesthesia was induced by intravenous thiopental with epidural analgesia injection. Vecuronium bromide was administered for muscle relaxation during surgery, and anesthesia was maintained by ventilation with an O 2 /N 2 O mixture and 1%-2% isoflurane.
All values are expressed as means Ϯ SD. Student's paired t-test was used to analyze differences between groups, and a P value less than 0.05 was considered significant. Analysis was performed with StatView 5.0 (SAS Institute, Cary, NC, USA). The staging of gastric cancer and clinicopathological factors used in this study were based on the second English edition of the Japanese classification of gastric carcinoma [17] . Table 1 shows the patient characteristics and operational procedures. Of the 14 patients, distal gastrectomy was performed in 9 patients, partial gastrectomy was performed in 3 patients, and laparoscopic surgery was performed in 2 patients. Total gastrectomy with Roux-en Y reconstruction was performed in 1 patient. Postoperative recovery was uneventful in all the patients, except for 1 with anastomotic leakage (patient 10). Four patients died of disease recurrence (patients 2, 3, 11, and 14).
Results

Patient characteristics and clinical outcome
Correlation of VEGF, sP-selectin, and vWf and disease stage
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Effect of gastric surgery on plasma concentrations of VEGF, sP-selectin, and vWf
Plasma VEGF concentration was 33.3 Ϯ 20.5 pg/ml before surgery and 61.9 Ϯ 35.6 pg/ml on POD 1, which was significantly higher than that before surgery (P ϭ 0.0013; Fig. 1A ). Plasma sP-selectin concentration did not change perioperatively (before surgery, 87.6 Ϯ 34.1 ng/ml; POD 1, 101.1 Ϯ 48.1 ng/ml; P ϭ 0.123; Fig.  1B ). Plasma vWf concentration was 164 Ϯ 31.1% before surgery and 211.1 Ϯ 66.1% on POD 1. The values on POD 1 were significantly elevated compared with the preoperative values (P ϭ 0.027; Fig. 1C ).
Correlation of VEGF, sP-selectin, and vWf in patients with and without disease recurrence
In order to confirm our hypothesis that increases in the plasma levels of VEGF, sP-selectin, and vWf are associated with more severe tumor growth, we compared these three markers in patients with and without recurrence. Ten patients were alive without disease recurrence and four patients died of disease recurrence. Plasma levels of VEGF and sP-selectin in patients with recurrence tended to be greater than those without recurrence ( Table 2) .
Discussion
In this study we measured the plasma concentrations of VEGF, sP-selectin, and vWf to determine whether surgical intervention could cause tumor growth or metastasis, because these three markers are thought to be involved in angiogenesis, tumor-platelet adhesion, and tumor-endothelial cell adhesion. We found that the plasma VEGF and vWf levels were elevated during the first postoperative day compared with the preoperative levels, suggesting that surgical intervention could influence tumor growth or metastasis. The development of hematogenous metastasis involves a long series of sequential interrelated steps, Fig. 1A-C . Effects of gastric surgery on the plasma concentration of vascular endothelial growth factor (VEGF), soluble Pselectin (sP-selectin), and von Willebrand factor (vWf). Serial changes of A VEGF, B sP-selectin, and C vWf are shown. Plateletpoor plasma obtained with argatroban was collected from 14 patients before surgery (before) and on postoperative day 1 (POD 1), and plasma concentrations of VEGF, sP-selectin, and vWf were determined as described in "Subjects and methods" including intravasation into the bloodstream, adhesion to vascular endothelial cells of distant organs, tumor cell proliferation, and invasion into the target organ. Recent evidence suggests that platelet-tumor and tumor-endothelial interactions participate in the primary adhesive events required for the initiation of the metastatic process [12, 19] . vWf and its adhesive ligand, glycoprotein (GP) Ibα on platelets, have been shown to play an important role in the formation of metastasis via tumor-platelet aggregation and thrombus formation [12, 20] . P-selectin, an adhesion molecule that mediates interactions of platelets, has also been shown to have a crucial role in developing metastasis [21, 22] . Although the sP-selectin levels did not change after surgery, we found elevated levels of vWf and P-selectin expression on platelets (33.2 Ϯ 1.6% before surgery and 40.2 Ϯ 3.7% on POD 1, n ϭ 5; P ϭ 0.014) after surgery, suggesting that surgical intervention could facilitate hematogenous metastasis if tumor cells were in the bloodstream.
The effect of surgical intervention on VEGF levels has been examined, and major surgery for nonmalignant disease induced the highest transient VEGF increase on POD 1 [23] . Maniwa et al. [24] also showed that pulmonary surgery induced VEGF elevation temporarily in patients with metastatic lung cancer. They also showed, in an animal study, that even only a transient increase of VEGF could cause tumor growth by disrupting the suppression of angiogenesis in dormant micrometastasis early in the postoperative period. These results further support the idea that even only a transient elevation of VEGF can induce tumor metastasis and growth. In order to investigate whether increases in the plasma levels of VEGF, sP-selectin, and vWf were associated with severe tumor growth or poor prognosis, we compared these values in patients with and without recurrence. Although levels of VEGF and sPselectin tended to be greater in patients with disease recurrence, than in patients without recurrence, the difference did not reach significance. This might be because of the small number of patients studied or the short period of follow-up. Studies with larger numbers of patients and longer follow-up are needed.
Metastasis is known to be accompanied by platelet aggregation and activation [12, 21, 22] . At metastatic sites, it has been suggested that platelets aggregate due to factors released from metastatic cells and direct contact with metastatic cells, resulting in microthrombosis, tumor adhesion, and growth. In this step, VEGF could be released from activated platelets, and this released VEGF could induce the neovascular formation for tumor cell invasion and growth [13, 25] .
Elevated plasma concentrations of VEGF have been detected in gastric cancer and are closely related to the extent of the disease [2, 5, 26] . Compared with the VEGF concentrations in healthy controls (n ϭ 20), VEGF concentrations in 4 patients were elevated, 2 of whom were stage IV patients. However, we found no significant correlation between VEGF and disease stage in the present study. This might be because of the small number of patients studied. Higher levels of VEGF are found in patients with advanced stage or metastatic disease, suggesting that VEGF is released from tumor tissues [27] . In fact, elevated levels of VEGF were observed in 2 stage IV patients. The VEGF increase in the present study, however, was derived not only from tumors, because most of the tumors were resected during surgery and VEGF is rapidly cleared from the circulation as a heparin-binding protein (half-life is less than 3 min), even though VEGF may be released from the tumors due to surgical manipulation [28] . Platelets and leukocytes have been shown to contain significant amounts of angiogenic factors, including VEGF [13, 25, 29] , suggesting that the elevation of VEGF after surgery is mainly from platelets and leukocytes. Therefore, inhibition of the activation of platelets or leukocytes is of clinical value in preventing tumor growth or metastasis.
In conclusion, surgical intervention in gastric cancer induces the elevation of plasma vWf and VEGF concentrations, which not only stimulates the proliferation of tumor vascularization and increasing vascular permeability but also induces tumor adhesion to endothelial cells, contributing to tumor-cell extravasation and metastasis formation. Therefore, surgical intervention could cause the development and dissemination of gas- Values are expressed as means Ϯ SD VEGF, Vascular endothelial growth factor; sP-selectin; soluble P-selectin; vWF, von Willebrand factor; POD, postoperative day tric cancer cell metastasis. The potential roles of surgical intervention in tumor growth and metastasis need to be examined.
